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ol =] i A AA<QL 3-azidopropane-1,2-diol (AzPD)E | AGH o= & Fvdete] 548 1237 A3t
o] HlRATHE 35l T) o] = 9)8to] AZPD, 1,4-BD, = 1,5-PD 24412 2H= poly(glycidyl azide)/poly(tetra-
methylene oxide) Al oUIA] & Al 1HE] = E2] -2 €h(energetic segmented polyurethane, GAP/PTMG ESPU)-S- dimethyl
formamide (DMF) &-mloll Al A ste] AAES 12383l th A4 5 fourier transform infrared-attenuated total reflection
spectroscopy (ATR FT-IR), differential scanning calorimetry (DSC), & dynamic mechanical analysis (DMA)E ©]-8-5}o] 4]
3}3ITE ATR FT-IR spectrum -2 A7} 79 7 7} A5 ] GAP/PTMG AzESPU 2] iemw 2 C=0 80| 052
7}z 0.44 2! 04120 GAP/PTMG BDESPU % GAP/PTMG PDESPU H.U} 9k31, A% ¥ 60 ﬂur Al 2] 75026~
0299 HYE & 27} gk A% 3 79 3 GAP/PTMG AzESPU A <] DMA curvest 83 AR A
S P’ﬂ o, GAP/PTMG BDESPUJJr GAP/PTMG PDESPU+ ILF-H et 14 3.5 45 Zte dad AsS
YeRdoh 28U, AlE F 60U 73 GAP/PTMG AzESPUS] DMA curves:= GAP/PTMG PDESPU$} o] ¥ g7t
7% AN 55 TS 7\}% Aed AsE YeEFTh ATR FT-IR, DSC ¥ DMA 418 o] 83 AT naz i
AzPDE #|97%¥ GAP/PTMG ESPUE 1,4-BD = 1,5-PDE 2|A3¥ GAP/PTMG ESPUR U} A4 #-7He] A& glo]
o] Foj At Adek ylellM dEHel =EEW GAP/PTMG PDESPUS} 1AM TPES] A 7% vrebilth

We perform a comparative study to investigate the properties of the new energetic chain extender (AzPD). A series of
poly(glycidyl azide)/poly(tetramethylene oxide)-based energetic segmented polyurethane (GAP/PTMG ESPU) with different
chain extender, which is 3-azidopropane-1,2-diol (AzPD), 1,4-butane diol (1,4-BD), or 1,5 pentane diol (1,5-PD), was synthe-
sized by solution polymerization in dimethyl formamide (DMF) and their phase behaviors were investigated. The ESPUs were
characterized with Fourier transform infrared-attenuated total reflection spectroscopy (ATR FT-IR), differential scanning calo-
rimetry (DSC), and dynamic mechanical analysis (DMA). The results of the ATR FT-IR analysis of the urethane carbonyl
group region showed that the ‘free’ C=0 fraction was higher in GAP/PTMG AzESPU (0.5) than GAP/PTMG BDESPU (0.44)
and GAP/PTMG PDESPU (0.41) for 7 days samples after preparation and that it was similar in the range of 0.26~0.29 for three
60 days ESPU samples. DMA curves of the GAP/PTMG AzESPU for 7 days samples showed amorphous polymers, but
GAP/PTMG BDESPU and GAP/PTMG PDESPU showed viscoelastic behaviors with rubbery plateau and the flow region. However,
DMA curves of the GAP/PTMG AzESPU for 60 days samples showed viscoelastic behaviors with rubbery plateau and the
flow region like GAP/PTMG PDESPU, but GAP/PTMG BDESPU did not show the flow region. From phase behaviors with
ATR FT-IR, DSC and DMA analysis, GAP/PTMG AzESPU showed good phase-mixing between components. However, it
represented viscoelastic behavior of TPE similar to GAP/PTMG PDESPM according to phase equilibrium progress with aging time.
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Glycidyl azide polymer (GAP)&= -8l w] =2 oUAE Y&
azide (-N3)715 X3l Tof|yA] izl Edolt). o]#fsh 1refy
A BAL AAY 10419 98 EAR o] g4 4 glo] W ATt
o]0 A1l 9o, azideZ] T nitrated] A7} E3] S TaL
glom o]F9] Agsrt o]FR) I Qrh1-4].

7A€ ETPE (Energetic Thermoplastic Elastomer)2] Q754
o3 gk A EEY olyA] e =] el REF 1
Hato] dF FHNMEY GFell gt HallE Hosh BHste] 24l
eHdAdS #H3l7] f3llAi= ETPUs (Energetic Thermoplastic Poly-
urethanes) 2] 1A XA §-8-<f Qo] 74, A9 S H8IA
HEH0] 60~120 TRl FAEHA 2ol X= FXIANZA 2H
ofof & AnkA] EAS vkSllof st S vlIt] o] FXIA] A&
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2AE REZF AEEe 2% W9 deld FaAE FE 2S
A 3ok 7] wie] T, Aolx 40 C olal7} wojo} gt

oix] 3y TEAEE T2 AMUAE 2R FHekst 71A18 -
= 2+l Q7] vl 1 A3l R At stk FEe iR
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oLt Al ogt AA ik 5o] ZAIE 2L FEle] ATAE
o= A HAth oles AR 9] siddrIe® =9 AR A=
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Table 1. Chain Extenders

Name (Abbribiation) Structure Properties
3-azidopropane-1,2-diol HO/\EOH New energetic chain extender
(AzPD) N Branch structure
3
1,4 butane-diol oH Even carbon number,
(1,4 BD) Ho TN Linear structure
1,5 pentane-diol PN Odd carbon number,
(1,5 PD) Ho oH Llinear structure
§ B gele] gt A7k Al 31 AUAEe) 2] Slstol
] AYH I Uk SPUE AT BN HSS AT T2

SSE o]F]%] segmented block copolymer®A] Z} segment= A= &
AstA] uxlspde] olste] e dAdS oA 717} hard domain
(HD)} soft domain (SD)& B/dstth HS& A E AR EE 4
Ho] ALHT} £ T,5 71, ss= ALt B 1,5 zhH= 5
3 FAAER o] FolXILh o F segmentts AI8HA H|XsHd o
2 Ql3to] HSE o] Foixm 435 E]4 A-S ZH: HDS} SS& o]
Foizl SDO.FE ulA| AREld EvdA 72E AL HDE HS
9] F2 T, & Qlato] oA feldelz EAeh, vhd ShE S82
Tt Ad2nth gong B g29le] rhssh A EE
EAFHT8L. GAPE olg3dte] ZyvdlerE AxsE W, SS+
432l GAPolx, HSE -uller AE 7FX L Sl olaAlollo]
E9} Aotk ETPUS] F31A4] Ad o219 BAS FH43s]
sl =RIEE ARl AAgAel o] aAlofdlo| B ofjuA] mgt
F BAR F2 A, HF ETPUY ouA] I3 7Hard)=
o] Q). whehA] B Qdqte M o] 3k WS B ket ETPUS
oAU S Fo|7] Hst] MER U g AARAIRL
3-azidopropane-1,2-diol (AzPD)°] =918 ouA| 3$h Zedes
@AEkaL ETPES] $-8540l F23 938 v|X+ A7E 54&
st} gk oleldt BAE g5t AEA A - &

F ke (o] 252 PTMGE copolyol® =13 GAPA oluiX]
F Al 29 E = Z )9 ¥ GAP/PTMG-ESPU) S SHAdslar, 1 A%
A& 71 HAAIQL 1,4-butane diol (1,4-BD) 2 1,5-pentane diol
,5-PD)E =913 GAP/PTMGESPUS] 4 A% EA T HudTE &
sty #slaizl $ktk 1,4-butane diol (1,4-BD) 2 1,5-pentane diol
(1,5-PD)¥} 2 AAA = HSS| &g anyt th=2A Jehhs
Aoz AR Q= FH[9)E Agstglon, 717ke] 542 Table 1
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Glycidyl azide polymer (GAP; M, = 2400; #2712} poly(tetra-
methylene glycol ether) (PTMG; M, = 2000; BASF):= AH- % 8 h
Bt 60 CollA XF 7133t AH-81GITh. 4,4 -Methylenebis(phenyl-
isocyanate) (MDI, 53.1|2~0]3}8h)= 8§ F FHgt A3 AR
31911, 1,4-butanediol (1,4-BD; M, = 90; JUNSEI Co), 1,5-pentanediol
(1,5-PD; M,, = 104; Aldrich) %! dimethyl formamide (DMF; Samchun
chemical Co.):=4 A molecular sieve® 7947+ 2] ¥ Alg-alic) =
v 2= dibutyl tin dilaurate (DBTDL; Aldrich ; > 95%)& AFE-5F3ITh
3-Azidopropane-1,2-diol (AzBD; My, = 104)= 3-chloro- 1,2-butanediol
3} sodium azide (NaN;)E 100 C 2] DMFEm)| Z7|A 8 h W53}
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Figure 1. FT-IR spectrum of 3-Azido-1,2-propanediol (AzPD).

Table 2. Composition and Molecular Weight (MW) of the GAP/PTMG ESPUs

Co-polyol ratio (wt%)

MW from GPC

Sample code Isocyanate Chain extender Energetic material (wt%) HS wt%
GAP PTMG My My / M,
G2555PT2045-M-BDH32 55 45 1,4-BD 40 32 100 K 3.5
G2555PT2045-M-PDH32 55 45 MDI 1,5-PD 40 32 92 K 2.9
G2555PT2045-M-AzH32 55 45 AzBD 45 32 61 K 24
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Figure 2. Synthetic process of GAP/PTMG ESPUs.
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Z)-Eeke] s FElol EYAE A 9|45 337 (fourier trans-
form infrared spectroscopy, FT-IR, Bio-Rad FTS-7)& ©]&3lo] &<l
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Figure 3. FT-IR Spectra of the ESPU solutions :
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(a) G2555PT245-M-AzH32, (b) G25S5PT2045-M-PDH32, and (¢) G:s55PT;045-M-BDH32.
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Table 3. Deconvolution Data in the C=0 Stretching Region

¥ GAP/PTMG &9 A% 381

Free (D) Disordered (II) Ordered (III) 1/total 11/total Il/total 1I+111/total
7 days samples
Gas55PTa045-M-AzH32 0.545 (1732 cm’)  0.345 (1708 cm")  0.194 (1679 cm™) 0.5 0.32 0.18 0.5
G555PT045-M-PDH32 0.357 (1729 ecm")  0.414 (1705 cm")  0.091 (1681 cm™) 0.41 0.48 0.11 0.59
Gs555PTa45-M-BDH32 0451 (1728 em")  0.325 (1707 ecm')  0.253 (1689 cm™) 0.44 0.32 0.25 0.56
60 days samples
G2s55PT2045-M-AZH32 0.323 (1740 cm’)  0.583 (1720 cm’)  0.198 (1699 cm™) 0.29 0.53 0.18 0.71
Gas55PT2045-M-PDH32 0.303 (1733 em’)  0.619 (1713 cm')  0.196 (1693 cm™) 0.27 0.55 0.18 0.73
Gis55PTa045-M-BDH32 0.278 (1735 em")  0.607 (1713 ecm’)  0.173 (1691 cm’) 0.26 0.57 0.16 0.74
7 days samples 26 ColA T, Ta s UERI= A4 Z88olu, GAPS F43
() i ® A €} . ZEEE - ; °F 44 CE Yepsith o] da= 4% GAP-diol<]
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Figure 4. Deconvoluted ATR FT-IR spectrum in the C=O stretching
region : (a) Gs55PT»45-M-BDH32, (b) G2555PT»045-M-PDH32, and
(¢) G2s55PT,045-M-AzH32.
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